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(57) An articleof manufacture is 
provided comprising a polycrystalline 
aluminum oxynitride having a density of 
at least 98% of theoretical density, and 
being transparentto electromagnetic 
radiation in the wavelength range from 
0.3 to 5 micrometers with an in-line 
transmission of at least 20% in this 

A method of prepa ring the optically 
transparentaluminum oxynitride is also 
provided comprisingthe steps of 
forming a green body of substantially 
homogeneous aluminum oxynitride 
powderand pressureless sintering said 
green body in a nitrogen atmosphere 
and in the presence of predetermined 
additives which enhance the sintering 
process. Additives are boron and/or 
lanthanides in elemental or compound 
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SPECIFICATION 

Transparent aluminum oxynitride and method of 
manufacture 

5 

This invention relates to durable transparent cera- 
miccompounds. Thereisaneedforthesecompounds 
in applications requiring substantia! transmission and 
imaging capabilities inthe visible range andthe 

10 infrared range. These requirements can be found in 
both military and commercial applications. Forexam- 
ple, infrared transparent domes are needed for 
missiles and transparent envelopes are needed in 
different types of vapor lamps. Many transparent 

1 5 materials are not adequately durable forthese ap- 
plications, thus, the search has been directed towards 
developing transparent ceramics. Although many 
ceramic compounds satisfy thedurability require- 
ment, they are not transparent to a sufficient degree 

20 forthese applications. For instance, alumina is a very 
hard material but the main problem is that it is not 
sufficiently transparent and scatters lightto an exces- 
sive degree. An additional consideration for a candi- 
date material is the cost of manufacturing, thus, 

25 methodsthatrequire individual processing ofthese 
windows are bound to remain an unfeasible alterna- 
tive from a cost point of view. From this perspective, 
forging and hot-pressing methods are not desirable. 
This leaves batch processing methods as a desirable 

30 feasible alternative and sintering lends itself to the 
manufacture of a plurality of units in a single run. 
However, thesintering of transparent ceramics is not 
widely known or practiced. 
Aluminum oxynitride is a promising candidate for 

35 applications requiring multi-spectral transmission 
capabilities. The only known prior attempt at produc- 
ing a sintered aluminum oxynitride body isfound in 
U.S. Patent No. 4,241,000, wherein precursor powders 
are mixed and the sintering step is used to both react 

40 and sinterthe precursor powders to produce an 
aluminum oxynitride body. The problem isthatthe 
resulting material isnotsufficientlytransparentforthe 
applications mentioned hereinabove. 
These and other problems are solved by the present 

45 invention which providesforthe sintering of cubic 
aluminum oxynitride to produce a transparent cera- 
mic window. It has been found that starting with a 
homogenous powder of cubic aluminum oxynitride 
and using doping additives leads to an adequately 

50 transparent window in both the visible and infrared 
range. It has further been fou nd that the sintering 
parameters of the present invention are such that a 
liquid phase atgrain boundaries occurs duringthe 
early stages of sintering. 

55 This invention provides a cubic aluminum oxynit- 
ride body having a density of at least 98% preferably 
at least 99% of theoretical density, an in-line transmis- 
sion of at least 20% in the wavelength range of 0.3 to 5 
microns, and preferably a resolving angle of better 

60 than3mrad. 

This invention further provides a method of manu- 
facturing a substantially transparent aluminum ox- 



ynitride body comprising thesteps of forming a 
homogeneoussingle phase aluminum oxynitride 

66 powder, pressing said powder into a green body of 
predetermined shape, and sintering in a nitrogen 
atmosphere said green body in the presence of 
dopants. Preferably, said aluminum oxynitride pow- 
derhasan average particlesize less than LOmicro- 
70 meters, said dopants preferably comprise boron 
and/or a-lanthamide, such as yttrium or lanthanum, or 
compounds thereof, and said sintering step is carried 
out ata temperature higherthan1900°C, but lower 
than the solidustemperature of aluminum oxynitride 
75 and for a period of at least 20 hours. 

The method of the present invention uses a 
substantially homogenous aluminum oxynitride pow- 
der to produce a transparent sintered aluminum 
oxynitride body. The homogenous cubic aluminum 

80 oxynitride powder may be prepared, for example, 
according to copending U.S. patent application No. 
297897 or bythe following method. Amixture is 
prepared comprising of 30-70 mole % aluminum 
nitride and 70-63 mole % aluminum oxide (alumina). 

85 The aluminum oxide normally consistsof the alpha 
type. Both components are preferably fine powders 
having a particle size not greaterthan74 micrometers. 
The aluminum nitride has a purity of 97-98% while the 
aluminum oxide primarily is 99.9% or greater. The 

90 mixture is preferably ball-milled in alumina mills with 
alumina grinding media and with methanol as the 
milling medium. The preferred duration of milling is 
1 6 hours. The mixture is then dried and placed in 
alumina crucibles forcalcination. Calcining isprefer- 

95 ably carried out at a temperature range of 1 600-1750°C 
for four hours in a stagant atmosphere of nitrogen at a 
pressure range of 0-5 psig. Duringthe calcination, 
alumina reacts with the aluminum nitridetoform a 
cubic aluminum oxynitride compound. The calcined 

1 00 aluminum oxynitride powder is preferably also ball- 
milled in alumina mills with alumina grinding media 
and methanol as the milling medium. The preferred 
duration of the milling is 72 hours. This results in a 
single phase aluminum oxynitride powder having an 

105 average particle size smallerthan 1.0 micrometers. 
The slurry is then thoroughly dried. A small amount of 
doping additive, as discussed herein below, may be 
added at this point to the aluminum oxynitride or prior 
to the second milling step. Alternatively, the doping 

1 1 0 additive may be added later. The only requirements is 
that the total amount of the additive present in a body 
during the sintering step does not exceed approx- 
imately 0.5% byweightofthegreen body. The 
aluminum oxynitride powder is preferably placed in 

1 1 5 rubber molds having predetermined shapes and is 
isostatically pressed at pressures greaterthan 1 5,000 
psi to produce green bodies to be used in sintering. 
Thefabricated green bodies are then set in containers 
in the sintering chamber. The containers may be 

120 composed either entirely of boron nitride or partly of 
boron nitride and partly of molybdenum metal. The 
small quantity of the doping additive may alternative- 
ly be added now in the containers with the fabricated 
green bodies. The additive may be in the form of a 
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mixture of aluminum oxide, aluminum nitride and the 
additive, with the additive comprising up to 100% by 
weight of the mixture. Thepreferred additive is 
yttrium oxide, but elemental yttrium or other com- 
5 pound forms may also be used. Sintering is then 
performed in a stagnant atmosphere of nitrogen at 0-5 
psig. Sintering temperatures used were higherthan 
1900°C, but lowerthan the solidus temperature of 
aluminum oxynitride which isapproximately2140°C. 
10 Sintering may be performed for a minimum of 20 
hours up to 1 00 hours. The resulting polycrystalline 
sintered body has an average grain size of 200 

The unexpected transparency obtained by the 

15 method ofthe presentinventionwasdiscovered after 
the sintering in a boron nitride container of a first 
undoped oxynitride green body together with a 
second oxynitride green body containing 5 weight 
percent yttrium oxide. Spectrograph^ analysis re- 

20 vealedthatthe first sample contained trace amounts 
of both boron and yttrium. For a sintering temperature 
of 1925 C C and a duration of 24 hours, the transparent 
oyxnitride body has an addtive doping of 100 parts per 
million Ippm) boron and 600 ppm yttrium, if yttrium 

25 oxide were to be used in the mixture as the source of 
yttrium, then the weight percent of Y 2 0 3 needed 
would be 0.075% ofthegreen body. The density of this 
aluminum oxynitride sintered sample is greater than 
99% of theoretical density, the in-line transmission, 

30 for a sample th ickness of 1 .78mm, at 4 microns is 43% 
and the resolving angle is 0.5 mrad. The in-line 
transmission is at least 40% in the range of 0.3 to 5 

The density was measured by the Archimedes 
35 method, in-linetransmission was measured with a 
457 Perkin-Elmer Grating Infrared Spectrophoto- 
meter, and the resolving angle was measured by 
using the Standard USAF 1 951 Resolution Test 
Pattern. 

40 A similar sample was sintered at a temperature of 
1940°C keeping the other process parametersthe 
same. The boron doping remained the same at 100 
ppm while the yttrium doping increased slightly to 800 
ppm resulting in a Y 2 0 3 requirement of 0.10 weight 

45 percentfor an equivalent doping.Thedensity re- 
mained the same at over 99% of theoretical density, 
the in-linetransmission, for a thickness of 1 .78mm, 
was 41 % at 4 microns, and the resolution remained at 
0.5 mrad. 

50 Anothersamplewassintered at 1940°Cfor20 hours 
and resulted in a sintered body having a boron doping 
of 1 00 ppm, and a yttrium doping of 1500 ppm, 
corresponding to an equivalent Y 2 0 3 weight percent 
of 0.1 9, and having a density of over 98% of 

55 theoreticaly density, an in-line transmission, for a 
sample thickness of 1 .90 mm, of 21 % at 4 microns and 
a resolution of 3 mrad. Trace amounts up to an 
equivalent 0.5 weight percent of yttrium oxide doping 
may be used for producing a transparent aluminum 

60 oxynitride window having an in-linetransmission of at 
least 20% across the 0.3 to 5 micron range. 

Ayttrium-doped sample with a yttrium doping 
equivalent to a Y s 0 3 amount of 0.013 weight percent 
was sintered at 1925°Cfor24 hours. It resulted in an 

65 opaque sample, thus pointing to the need of a 



minimum amount of yttrium doping to achieve the 
improved optical qualities. By extrapolating the 
values ofthe samples available, the minimum amount 
of yttrium doping is believed to be equivalent to 0.02 

70 weight percent of Y 2 0 3 . 

it should be understoodthat the yttrium additive 
itself need not be present in a nearby sample nor in a 
vapor form. For convenience, the additive may be 
mixed in with the aluminum oxynitride powder prior 

75 to sintering, but otherwise it need not be placed in 
direct contact with the green body. Again, it is 
suff icientthatthe selected additive be available within 
thesinteringchamberfor vapor doping the aluminum 
oxynitride. Similarly, it should be understood that the 

80 boron is also an additive, even though it is not mixed 
in with the other compounds. Its presence in the 
sintering chamber, as part ofthe compounds forming 
the container, is sufficient to provide boron vapor 
doping of aluminum oxynitride. Thus, this invention is 

85 considered to encompass other methods of introduc- 
ing the additives in the sintering chamber to produce 
in situ vapor doping ofthe aluminum oxynitride 
compact. 

The sintering is fou nd to be enhanced by the 
90 presence of specific additives, and more specifically, 
by theyttrium used and the boron found in the 
container. It is believed thatthe mechanism is as 
follows. At sinteringtemperatures, the mixture of 
aluminum oxynitride and the excessaluminum that 
95 might be present in thesample has a significantly high 
vapor pressure of A! x O y gas species. The Al x Oy gas 
reacts with nearby boron nitride present in the 
containerto produce B 2 0 3 gas and/or AIB0 2 gas plus 
AIN solid. The B 2 0 3 and/orAIB0 2 vapors transportto 

100 and react with aluminum oxynitride to produce a 
liquid phase at grain boundaries which enhances the 
early stages of sintering. The B 2 0 3 also interacts with 
the source of yttrium doping such as the yttrium oxide 
vaporf rom an adjacent source orfrom Y 2 0 3 added to 

1 05 the sample to produce YB0 2 gas. The YB0 2 vapor 
transports to the aluminum oxynitrideand dopes it 
with the boron and yttrium. It is believed thatthis 
additive doping aids thefinal stages of sintering by 
causing either solute drag or second phase precipi- 

110 tates to pin grain boundaries and thus preventing 
excessive grain growth which might otherwise trap 
pores within the grains. 
CLAIMS 

1 . A sintered aluminum oxynitride body having a 
1 1 5 density of at least 98% of theoretical density, and an 

in-line transmission of at least 20% in the wavelength 
range of 0.3-5 microns. 

2. A sintered aluminum oxynitride body according 
to claim 1 having a density of at least 99% of 

120 theoretical density. 

3. A doped aluminum oxynitride body having a 
density of at least 98% and in-linetransmission of at 
least 20% in the 0.3-5 micron wavelength range. 

4. An aluminum oxynitride body accordingto 

1 25 claim 3, wherein said aluminum oxynitride body is 
formed of substantially single phase aluminum ox- 
ynitride and isdoped with a langthanide and/or boron. 

5. An aluminum oxynitride body accordingto 
claim 4, wherein the lanthanide is yttrium and/or 

130 lanthanum. 
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6, An aluminum oxynitride body according to any 
one of claims 1 to 6, wherein said body is polycrystal- 
line with an average grain size of approximately 200 
microns. 

S 7. Analuminumoxynitridebodyaccordingtoany 
one of claims 1 to 6 having a resolving angle smaller 
thanSmrad. 

8. Amethod of manufacturing a dense aluminum 
oxynitride body comprising the steps of forming a 

10 single phase aluminum oxynitride powder; pressing 
said powder into a green body of predetermined 
shape; and sintering said green aluminum oxynitride 
body in a nitrogen atmosphere. 

9. A method according to claim 8 wherein said 
5 sintering step takes place in the presence of at least 

one dopant. 

10. A method according to claim 8 or claim 9 
wherein said sintering step is carried out at a 
temperature andfor a length of time sufficient to 

!0 eliminate porosity by diffusion of said solid single 
phase aluminum oxynitride while preventing exces- 
sivegrain growth. 

11. Amethod according to any oneof claims 8to 

1 0 wherein said single phase aluminum oxynitride 
5 powder has an average particle size smallerthan 1.0 

microns. 

1 2. A method according to any one of claims 8 to 

11 wherein said aluminum oxynitride forming step 
comprises the steps of preparing an homogeneous 

0 mixture of aluminum nitride and aluminum oxide, 
said aluminum oxide forming 63 to 70 mole percent of 
said mixture; calcining said mixture until substantially 
changedto single phase aluminum oxynitride pow- 
der; and reducing said aluminum oxynitride powder 

5 to an average particle size less than 1 .0 microns. 

13. A method according to claim 12 wherein said 
homogeneous mixture is prepa red by mixing alumi- 
num nitride and aluminum oxide powders having a 
purity of atleast97%to99%, respectively, anda 

0 particle size smallerthan 74 microns, and ball milling 
the mixture until fully mixed with an average particle 
size reducedto approximately 1 .0 microns. 

14. A method according to any one of claims 7 to 

12 wherein said sintering is carried out at a tempera- 
5 ture higherthar, 1900"C but lowerthan the solidus 

temperature of aluminum oxynitride and for a period 
of time of at least 20 hours. 

1 5. A method according to any one of claims 9 to 
1 4 wherein the dopant is a lanthanide and/or boron. 

0 16. Amethodaccordingtoclaim14whereinsaid 
dopant comprisesyttrium and/or lanthanum and/or 
boron and/or a compound thereof. 

17. A method according to any one of claims 9 to 

1 6 wherein said dopants are introduced in trace 
5 amounts. 

18. A method according to any one of claims 9 to 

1 7 wherein said dopants are in a vapor phase during a 
portion of said sintering step. 

19. Amethod according toclaim 18wherein in 

0 said sintering step, the dopant vaportransportsto and 
diffuses throughout said body. 

20. A method according to any one of claims 17 to 
19 wherein said sintered body comprises not more 
than 0.5 weight percent of said dopants. 

5 21. Amethodaccordingtoanyoneofclaims9to 



19whereinsaid dopants producea liquid phase at 
grain boundaries during said sintering step. 

22. A method according to any one of claims 8 to 
21 further comprising the step of adding yttrium oxide 
70 to the mixture of aluminum nitride and aluminum 
oxide in amounts up to 0.5 weight percent. 



